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(57) ABSTRACT 

Structurally-stable, tall capacitors having unique three- 
dimensional architectures for semiconductor devices are 
disclosed. The capaciiors include moooUtbicaUy-fabricatcd 
upright microstructnres, ix., those having large height/width 
(H/W) ratios, which are mechanical reinforcement against 
shear forces and the like, by a brace, layer chat transversely 
extends beiweeo lateral sides of at least two of the free- 
standing microstructures. The brace layer is formed as a 
microbridge type structure spanning between the upper ends 
of Ihe two or more micros true tures. 

32 Claims, 14 Drawing Sheets 
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STRUCTURALLY-STABILIZED CAPACITORS structures 10 lo yield the double crown structure (double 

AND METHOD OF MAKING OF SAME container cell) shown in FIG. 1A. 

CROSS RFFRRKNrrp. to hpt atcfi L In Fl ? S '* 2A "^ D ' a conventional fabrication scheme is 

CROSS RER^CE TO ^RELATED shown for fabricating capacitor studs used in a high density 

ArruwuwiNi 5 array. In fabricating the conventional , stud structures, as 

This application is a coniimiaiion-in-part of U.S. appli- ^ 0WD m 2A* ^ a holes 27 are formed through a second 

cation Ser. No. 09/386,316 filed Aug. 31, 1999, now dielectric layer 26 which is provided over a first dielectric 

abandoned, entitled "StructuraUy-Siabilijed Capacitors and laver 21 arranged on a semiconductor substrate 22. The 

Method of Making of Same" tbe disclosure of which is substrate 22 has a transistor 23 including source and drain 

incorporated by reference herein. 10 ^ous 24 and 24', and one of which is connected to the via 

holes 27 via conductive plug 25. After the via hole 27 is 

BACKGROUND OF THE INVENTION formed through the second dielectric layer 26 in alignment 

1Tfc , ru M . *i\h [he plug 25 previously formed in the first dielectric 

1. The Field of the Invention layer 1, a metal or other conductive material 2* is deposited 
The present invention generally relates to capacitors for 15 so as to fill the via hole 27 and form the stud 2». The metal 

Semiconductor circuit memory storage devices. More is removed from the surface of the second dielectric layer 26 

particularly, the present invention relates to highly stable, by planarization (e.g., CMP) to yield the intermediate struc- 

robust capacitor structures in semiconductor circuit memory turc shown in FIG. 2B. In the next process step, the second 

storage devices. dielectric layer 25 is selectively etched away until the first 

2. The Relevant Technology 20 dielectric layer 21 and plug 25 is reached with the resulting 
In dynamic semiconductor memory storage devices it is structure as shown in FIG. 2C. A free standing stud structure 

essential that storage node capacitor cell plates be large 2 ? * left tx ^°^ without structural support over the first 

enough to retain an adequate charge in spite of parasitic * C Uycr 21 ^ removing • sccond dielectric layer 

capacitances and noise that may be present during circuit „ 26 ^ P 1 ™* 35 ^ ^ * llu *s 28 have a conduclivcly 

operation. The ability to maintain required storage code doped hemi-spherical gram (HSG) poly layer 200 formed on 

capacitance levels in densely packed storage cells is par- meir exiwlor ^ d a capacitor dielectric film 201 

ticularly important as the density of DRAM arrays continues surrouilds ^ ***** HsQ ^Y** 200 of the storage 

to increase for the foreseeable future generations of memory uod * 6lectfod6 - * to P capacitor electrode 202, such as 

devices. polysilicon, is formed to complete the storage cell 20. 

One known method for mamtaining, as well as increasing, ^ P rcfienl inventors have determined that the yields of 
storage node size in densely packed memory devices is double-sided container or smd structures in high density 
through use of self-aligned stacked-capacitor ceils for memory arrays such as illustrated in FIGS. LA and 2D 
64-MB DRAMs formed as three-dimensional cylindrical above ' ^P c ctivciy, has been lowered because of falling 
container structures. FIG. 1A illustrates conventional 35 problems with the containers or studs that occur during 
double-sided cylindrical container structures 10 configured dev ice fabrication. Namely, the containers and studs are 
as a double crown structure. The cylindrical capacitor con- susceptible to falling over and breaking during etch back 
tainer structures 10 are formed over a first dielectric layer 1 @ x ' rcmoval of ^ c second dielectric layer) or other further 
that lies on a semiconductor substrate 12. Each of the processing operations such as deposition of the capacitor 
cylindrical capacitor container structures 10 are connected to 40 dic ^ ctI ^ c ^ m> ^ conventional studs or containers have 
one of the source and drain impurity regions 14 and 14' of relatively high sidewalls and a relatively small supporting 
one of the transistors 13 via a conductive plug 15. The "footprint" and thus dp not have a strong foundation at their 
container structures 10 are double-«cled in that poly cylin- bottoms. Consequently, they are very susceptible to toppling 
ders 16 .have a conductively doped ricmkflherical grain over wfaen ^j^ 1 ^ to handling anoVor processing forces. 
(HSG) poly layer 17 formed on both the inside and outside 45 Ncmct b&lcss, as demand for reduced feature size continues, 
thereof, and a capacitor dielectric film 18 sanounds the rc niains a need lo fabricate very tall studs (e.g., 1. 5 ^im) 
entire surface HSG layer of the storage node electrode. aD ? tal1 doi * lB sidcd containers with relatively small "fool- 
Then, a top capacitor electrode 19,. such as poly, is formed {"tote". However, the fabrication of taller studs (i.e., larger 
to complete the storage cell 10. height- to -width (H/W) structures) exacerbates the falling 
Referring now to FIG. IB which shows a portion of the SO pr °^ k ^ r f a base dimension must support even taller 
process for fabricating the FIG. 1A conventional cylindrical w f. conventional stud or container structures 
container structures, a second dielectric layer 2 is formed on u . ™ * ty f 11 * M 10 an ^J** 1 " "°dc P°Iy> 
the first dielectric layer 1. and a via hole 3 is formed through ^1*, ™ stora G e ^ Ported out. In 
the second dielectric layer 2 in alignment with the plug IS % < ™\? ' msttflOB ' CVCQ tf there Were only one out 
previously formed in the first dielectric Uycr Land then the ss ° f 100 /Si , hwi a shofl 10 woh Min^ihw would 
polysiUcon layer 16 is deposited on the cylindrical walls of random Murcs in the 64 M DRAM. This number 
the via hole. The polysilicon is removed from the upper of fuh "«» ^ d usually exceed the hmiied number of 
surfai* of the second tfelccti^ redundant elements available for repair, and the entire 
CMP) to yield the intermediate structure shown in FIG. IB*! mcmory deVl0e 0fl unusable. 
In the next process step, the second dielectric layer 2 is 60 Consequently, a need exists in the art for container and 
selectively etched away until the first dielectric layer 1 and 5tud structurc s are not susceptible to Calling problems 
plug IS is reached with the resulting structure as shown in d ^ringdeyice fabrication and for a methodology for impart- 
FIG. 1C. A free sUwhiig cylindrical structure 16 is left m & such resistance to falling, 
exposed without structural support over tbe first dielectric 

layer 1 after removing the second dielectric Uycr 2. In 65 SUMMARY OF THE INVENTION 
further processing, the HSG 17, capacitor dielectric film 18 The present invention resolves the above and other prob- 
and electrode 19 are sequentially formed on the cylinder Icms that have been experienced in tbe art. More 
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particularly, the present invention provides structurally- FIGS. 4A through 4B are top views of the cylindrical 

stable, tall capacitors having unique ihree-oUmensional containers of FIOS. 3A-^F at several intermediate stages of 

architectures for semicoiiductrjr devices. Although the cod- processing. 

cepis of this invention arc particularly useful in DRAM rnr i» . ^ ,^ A ^, c . £ 

fabrication, the invention nonetheless has wider applieabil- s \ * TV* a ~ nMC ^? of ca ? ao *' 

ily to enegoipass semiconductor device in gencS where m ^ 0StfUCt ^ to «<* other ^aod to non^cUvtpgrtwos of 

monclithicaUy-fabricated upright raicrostructures, i.e., those a ^ a nucrobrid S e brace tyer according to the 

having large height/width (H/W) ratios, need mechanical P****"- invention. 

reinforcement against shear forces and the like that are FIG. 5A is a plan view of a memory module having 

experienced during processing and handling. 1Q memory chips constructed in accordance with the present 

In one general embodiment, this invention concerns a invention, 

monolithic semiconductor device comprising a semiconduc- FIG. SB is a block diagram of a processor-based system 

tor substrate over which arc formed a plurality of upright using RAM h aving memory chips constructed in accordance 

free-standing microslructures. A brace layer is formed that with the present invention- 

transversely extends between lateral sides of ai least two of 15 FIGS. «A through 6E are cross sectional views illustrating 

the tree-standing microstructures. The brace Uyer is formed an embodiment for manufacturing studs for & capacitor 

as a microbridge type structure scanning between the upper according to- the present invention 

ends of *e two or more microstructures. In order to form the ncs . 7A and 7B arc top views of the cylindrical con* 

whSf; n± w C ^l ay -% U ^ « m { ™™ of ™ s - 6A -*E Several mterm Jiate stages of 

which a narrow groove is formed and within which the brace ^ processing 

layer is formed. Then, the sacrificial dielectric layer is CT /- ■£ ■ 

removed after the brace is formed to leave a reliable three- . 7C ; ^ a top view representation of an array of 

dimensional microstrucmre in which a container or stud is f* pac, f° re mterconnectfcd b * a Electric bracing layer of this 

transversely supponed very robustly by the brace layer. The mvcntI0IL 

brace layer is vertically spaced from a remaining dielectric „ 11 wil1 De understood that the drawings are provided for 

layer to yield a braced, free-standing rjjree-dimcnsional illustrative purposes and that the depicted features are noi 

architecture that does not fall. Preferably, each brace layer necessarily drawn to scale. 

ultimately extends to the edges of the (C die active circuit „ ™ . 

area, where the brace locksto solid native portions of ™ E 

the die surrounding the fabricated circuitry. ^ PREFERRED EMBODIMENTS 

In one preferred embodiment, a method is provided to The present invention is particularly directed to maximiz- 

prcyent the falling of studs or double-sided containers in ing storage cell surface area, as well as providing uniform 

which a small width channel is made after metal filling and and repeatable, defect free, storage cell structures across a 

planar ization in the case of metal studs, or after container gfr«i substrate, in high density/high volume DRAM fabri- 

planarization in the case of containers for capacitors. This 35 cation processes, although it is thought that the invention has 

small channel is filled with a dielectric different from the wider applicability as will become apparent from the exem- 

diclectric layer in which the via hole was formed for the stud pfery embodiments. 

or container, and having good adhesion wiih electrode Referring now to FIGS. 3A^3F, a fabrication scheme for 

maicnal. The channel formation procedure is followed by forniing a double sided container capacitor of this invention 

etch back of the dielectric layer, hemispherical grain 40 is illustrated. Referring to FIG. 3A, a silicon wafer substrate 

deposition, capacitor dielectric deposition, and top electrode 31 is prepared using conventional process steps to provide 

deposition, to complete formation of a capacitor. circuit elements 32 each having a conventional gate slack 

This invention permits further maximization of capacitor formed of an oxide, a conductor, such as polysihcon, and 

storage cell surface area in a high density/high volume dielectric sidewall layers, and a doped diffiision regions 33 

DRAM fabrication process. The capacitor design of the 45 and 33'. That is, circuit elements 32 are illustrated as being 

present invention defines a stacked capacitor storage cell transistors having source and drain impurity regions 33 and 

that is useful in DRAM fibricaiion, however, it will be 33'. Ope of source and drain regions 33 and 33' of each 

evident to one skilled in the art to incorporate these steps transistor has a conductive plug 35 connected thereto which 

into other processes for providing memory cells^oc other will be used to connect the transistor with a capacitor 

integrated circuit micn^ructures where a large height-to- SO container. The term "substrate'' is meant to encompass a 

width structure is required. wafer, active and passive devices formed within the wafer, 

BRIEF DESCRIPTION OF THE DRAWINGS and Uyers oa tbc wafer SUcfcl ** passivation and/or mctalli- 

r , . a zation layers, as well as SOI and the like. A first dielectric 

rfSn^SS?* olher 11 ^ turcs ' and 1^34 Mantes the substrate 31 . TneL TdXfric taJE 

of ^nc preset! mvcnDonwdlbecome more apparent &om the 5J 34 typieai ]y is planariasd after its denositioT such as bv 

considered m conjunct w«h (be accompany drawing in reactive ion ctahing (Rffi) ^ for ^ pu ^ X^[ysi£ 

.„ ..... eon 35 filJs » contact hole formed through the firsi 

FIGS. 1A through 1C are cross sectional view Illustrating dielectric layer 34. CMP is used to remove thoseportions of 
a convenuonal fabrication scheme for manufacturing cylin- «, the poly that are deposited on the surface of the first 

«r? P ,?T C ° TO?'' dieleclric 34 ™ e wafer has been processed up to the 

HQS. ZA through 20 are cross sectional views illustmt- point of processing an array of storage cell capacitors 

ing a conventional fabrication scheme for manufacturing Capacitor cell fabrication will now follow. Tbt storage 

studs for a capacitor. capacitor of each memory cell will make contact to tbc 

FIGS. 3A through 3F are cross sectional views illustrating «j underlying diffusion region 33 via poly plug 35. 

a first embodiment for manufacturing cylindrical capacitor Referring to FIG. 3B, a seennd dielectric layer 36 is 

containers according 10 the present invention. formed over the first dielectric layer 34. Then, openings (via 
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holes) 37 are formed through the second dielectric layer 36 etched away using HF or HF+watcr, which will not remove 

by an anisotropic etching technique, exposing plug 35. The the silicon nitride brace layer 390. On the other hand, if 

first and second dielectric layers 34 and 36 preferably arc silicon nitride is used as the second dielectric 36" while Si0 2 , 

selected from among Si^f^ SiO^ BPSG or Ta^O.,. A BPSG, orT^O, is used as the dielectric brace layer 390, the 
polysOicon Uyer 38 is formed over the second dielectric $ silicon nitride can be selectively etch removed using pbos- 

Iayer including over the walls and the plug at the bottom of phoric acid. A free standing cylindrical structure 38 is left 

roc via holes. The polysiliccn layer is formed of in situ exposed with transverse structural support from brace layer 

doped polysilicon (poly). An appropriate planarizatlon 390 over the first dielectric layer 34 after removing the 

technique, such as CMP or RIE etching, is used to remove second dielectric layer 36". 

polysilicon on the horizontal flats of the second dielectric The dielectric brace layer 390 usually will extend to other 

Uyer 36 in order 10 isolate the poly layer 38 at each container containers not shown in the figures so as to form a mcchani- 

• which provides the intermediate structure shown in FIG. 3B. cal bracing support spanning between a considerable series 

Unlike conventional double-sided container processing, of different containers along the common linkage of brace 

such as illustrated in FIGS. 1A-1C, the present invention layer 390, Although a plurality of separate brace layers 390 
does nor next proceed to an eich back of the second 15 can be used, it is also possible to provide more than one 

dielectric Uyer 36 to the plugs 35 at this juncture of the dielectric brace layer where ihey intersect at a container (or 

processing. Instead, as shown in FIG.3C, a narrow channel containers) such that a two-dimensional network or lattice of 

39 is etched mto me surface 36' of the second dielectric layer dielectric brace layers is formed through-out the array of 

36, such as by using photolithographic techniques, such that containers. Also, the depth of ihe channels 39 formed thai 
the narrow channel 39 intersects a plurality of the porysili- ^ determines the thickness of the dielectric brace layer 390 is 

con cylinders 38 at the upper end* of the cylinders 38. For a function of the H/W container dimensions, the dielectric 

example, a photoresist can be spun onto the surface of material used, and other factors. From a functional 

second dielectric layer 36 and into via holes 37 and then is standpoint, the si2c qf the dielectric brace layer must be 

patterned to define the location of channel 39 while protect- selected to be large enough to provide lateral buttressing 
ing. the rest of the surface of the second dielectric layer 36 w forces sufficient to substantially if not completely prevent 

and the openings 37 inside the poly layer 38. FIG. 4A is a the falling problems, yet not be so large tbal the relative 

top view of the corresponding intermediate structure show- weight of the brace layer becomes a factor. As to the width 

ing the narrow channel 39 having sidewalk 39' and 39" "w" of the brace layer 390, the brace generally has a widtb 

formed in the surface of the second dielectric layer 36. The equal lo or less than the largest cross-sectional dimension of 
channel width dimension V between sides 39' and 39" of w the microsinicturcs, which is the cylinder diameter "d" for 

me channel 39 is preferably sized to be approximately the the embodiment shown in FIG. 4A- 

contaiuer diameter "d" or less (Le., the largest cross- referring to FIG. 4B, the transverse or laieral directions 

sectional dimension of the formation or less), to approxi- mentioned herein indicate the x-and y-direcuW or a com- 

matcry one-half (50%) of the container diameter. The con- bined vector thereof; across the fiat major surfaces of the 
tainer at tms stage of fabrication is a hollow cylinder. 35 dielectric layers. The dielectric brace layer 390 can be 

In the next processing step, illustrated in cross-section in deposited by chemical vapor deposition techniques conven- 

FIG. 3D and as a top view in FIG. 4B„ a dielectric layer 390 tionally used to deposit these materials. The dielectric brace 

madeAo|a, deferent dielectric m^erial,tbaa^cc^nd melectric material also must have good enough adhesion to a top 

layer 36 is deposited in channel 39 to form a dielectric brace electrode material 10 be applied in a later processing step 

I^cr390 extending between polysilicon comaker layers 38. 40 that there is no peeling during runner processing. 

The container k kept masked during this step, such aa with Referring to FIG. 4C, each brace Uyer 390 not only 

a photoresist 38', so as to prevent unwanted dielectric from connects a. plurality ,of container capacitor microstores 

t ^^^5^ otjX™** 39. After 38 near .u>:ir restive topsbmat also ultimately extends to 

depositing brace layer 390 . CMP is conducted to plananze the. edges of the IC die active circuit area 395, where the 

me surface of the device while the rontainer is still masked. 45 brace 39frlocks to solid .connive portions 396 and 396' of 

Ibis diele^ru^:brape, laye^^^Whldb is deposited to a die 397 provided at the same elevation level as the brace 

prevent 1 falling of tall containers, and studs/as fflusttajed in layer 390. The non-active portions 396 and 396' of the die 

MtevvmboGmeal dcscfibddWn, cah'beSi^ Si0 2 , 397 are adjacent the fabricated circuitry 395. The brace layer 

BrSG^Ta^Qj with the proviso thai it is a different material 390 can extend linearly between the tops of capacitor 

from the second dielectric material such that the second 50 microstructurcs 38 between non-active portions 396 and 

didectric can be selectively etched away (wet or dry 396' of the die 397, or. as illustrated in FIG. 4C, the brace 

etching) while leaving the brace dielectric layer intact in a layer 390 can follow a non-linear path before being 

subsequent processing step. anchored at its respective ends 390 r and 390" at non-active 

As shown in FIG. 3E, the second dielectric layer 36 is areas 396 and 396' of the die 397. This provides an anchored 

selectively etched 4 way until the first dielectric layer 34 and ss system of braced'tall containers (or braccd-tall studcapaci- 

plug 35 is reached while leaving the dielectric brace layer tors according to a separate embodiment of this invention 

390 intact. The brace layer 390 remains suspended between described in connection with FIG. 6E). In this way, the 

outer lateral sides 16' of the two poly cylinders 3$ at their containers 36 are afforded good mechanical support in at 

upper ends (e.g:, within the upper 50%, preferably the top least transverse or lateral directions to fortify the three- 

25%, and more preferably the upper 1Q%, of the cylinder so dimensional free-standing container microstructurcs to be 

height) as a microbridge type of structure. A vertical space defined during removing the second dielectric 36 and sub- 

V or gap exists between the dielectric brace layer 390 and jecting the in-process wafer to further handling and process- 

the upper surface 34' of the first dielectric layer 34. In this ing operations which are described below 

manner, the second dielectric layer 36 is used as a type of As shown in FIG. 3F, in further processing to complete 

"2SS? 1 For cxam P l6 » if to c sccondi^jejcctric layer ss the container structure after forming the brace layer 390 a 

is BPSG or Si0 2 and the dielectric brace layery39<K» siHcon condueb'vely doped hemispherical grain (HSG) poly 391 is 

nitride, the second dielectric layer 36 can be selectively formed 00 both the inside and outside of the poly layer 38 
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thereof. This is done so that a double sided container can be invention. The processor-based system 504 also includes 
fabricated. The hemispherical grain layer (KSG) can be read-only memory (ROM) 514 and may include peripheral 
formed by deposition or vacuum annealing the poly layer 38 devices such as a floppy disk drive 507 and a compact disk 
according to known techniques. If the HSG is deposited, a (CO) ROM drive 509 that also communicates with the CPU 
blanket etch of the HSG typically follows that results in the $ 505 over the bus 5X1 as is well known in tbc art. 
f onnaUon of HSG poly th at is textnrized or nigged poly, A FIGS. 6A through 6E arc cross sectional views illustrating 
capacitor dielectric film 392 is formed that surrounds the an embodiment for manufacturing sruds for a capacitor 
entire surface HSG layer 391 of the storage node electrode. according to the present invention. In fabricating the inven- 
ITie capacitor dielectric can be formed of Si^, laj0 5 , live stud capacitors, as shown in FIG- 6A, via holes 67 are 
BST.PZT, SBTp or SiO z and the like. It can be deposited by 10 formed through a second dielectric layer 66 over a first 
LPCVD, PBCVD, and so forth, to a desired thickness with dielectric layer 61 arranged on a semiconductor substrate 62. 
regard to the capacitance of the device. The thin dielectric The substrate 62 has a circuit element 63, such as a 
film 392 can be annealed to stabilize the film. Then, a top transistor, including impurity source and drain regions 64 
electrode 393 is formed to provide two containers 394 and 64\ One of the source or drain regions 64 is connected 
configured as a double crown structure (double container 15 to the via holes 67 via conductive phig 6$. After the via hole 
celQ as shown. The electrode material can be polysilicon, 67 is formed through the second dielectric layer 66 in 
HSG, Pt, RuO^ Ru f Ir, Pt+Rh, TiN, or TaN and the alignment with the plug 65 previously formed in the first 
like. The top electrode 393 typically is a doped conformal dielectric layer 61, a metal or other conductive material 62 
poly layer that blanket covers the capacitor dielectric 392 (e.g., Al, Al-alloys, W, Highly doped poly) is deposited so as 
and serves as a common capacitor cell plate to the entire ^ to fill the via hole 67 and form the srud 68. The metal is 
array of containers formed. removed from the surface of the second dielectric layer 66 

The dielectric brace layer 390 takes up relatively little by planarization (e.g., CMP) to yield the intermediate struc- 
circumfcreatial room around the upper end of the container ture shown in FIG. 6B. In the next process step, a narrow 
(i.e., the end opposite the end in contact with first dielectric channel is formed in the surfece 66* of the second dielectric 
layer 34% so the HSG layer 391, capacitor dielectric 392 and ^ layer 66 between the sruds 68 and other studs not shown in 
top electrode 393 can be formed without being disturbed by the partial view using the techniques described above in 
the presence of the dielectric brace layer 390. The gap "z" connccrion with channel 39 in FIG. 3C. FIG. 7A is a top 
between the top electrode 392 and the surface of the first view of the corresponding intermediate structure showing a 
dielectric layer 34 being approximately 2 /an for many narrow channel 69 having sidewaus 69* and 69" formed in 
capacitor structures of DRAMs, Conventional process steps 30 tne surface of the second dielectric layer 66. The channel 
are performed from this point on to complete the semicon- width dimension V between sides 69* and 69" of the 
duetor device. channel 69 is preferably sized to be approjdmately the stud 

FIG. 5A is plan view of a memory module 500 having diameter "d" or smaller, such as approximately 50% of the 
memory chips 50-5$ iqduding scmicondncior memory diameter "d" although not limited thereto, 
devices constructed in accordance with the present inven- 35 As shown in FIG, 6C, the channel is then filled with a 
tion. That is, chips 50-58 have a DRAM cell such as dielectric brace layer 690 similar to brace layer 390 dis- 
described in connection with FIG, 3F (or FIG. 6E infra). cussed in connection with FIG.„3D except, that the dielectric 
Memory module 500 is a SIMM (single in line memory brace layer 690 here interconnects metal studs instead of 
module) having nine memory chips (ICs) 50^56 aligned on poly cylinders. The result is also shown in the top view of 
one side of a printed circuit board substrate. The number of «o FIG, 7B. 

such memory chips in the SIMM typically will vary between The second dielectric layer 66 is then selectively etched 
3 to 9. The circuit board 501 has an edge connector 502 away by methods described above in connection with FIG. 
along one longitudinal edge to permit it to plug into a 3E until the first dielectric layer 61 and plug 65 is reached 
memory socket on a computer motherboard of conventional with the resulting structure shown in FIG. 6D. A free 
design (not shown). A wiring pattern (not shown), which can 45 standing stud structure 68 is left exposed with transverse 
be a conventionally known design for this purpose, is structural support from brace layer 690 over the first dieicc- 
formed on the board 501 and connects the terminals or leads trie layer 61 after removing ihe second dielectric layer 66. 1 0 
shown comprising the edge connector 502 to the memory further processing, the studs 6S have a conductively doped 
cbips 50-58. Small ceramic decoupling capacitors 59 are hemispherical grain (HSG) poly iaye T 600 formed on their 
also mounted op substrate 501 m suppress transient voltage 50 exterior profile, and a capacitor dielectric film 601 is pro- 
spikes. Other than the inventive memory device structures vided over the entire surface HSG layer 600 of the storage 
used in memory ^P 5 S^" 58 ! lhc general layout of the node electrode. Then, a top capacitor electrode 602, such as 
SIMM 500 can be a conventional construction. poly, is formed to complete the storage cell 60. The HSG 

FIG, 5B is a block diagram of a processor-based system film, capacitor dielectric film and top electrode layers can be 
504 using RAM 512 constructed in accordance with the 55 of the constructions described above, 
present invention. That is, RAM 512 uses a DRAM cell such As previously discussed above with reference to FIG 4C 
as described in connection with FIG- 3E (or FIG. 6E infra), in connection with the container capacitors illustrated in 
The processor-based system 504 may be a computer system, FIG. 3F, but as equally applicable to the stud capacitors of 
a process control system or any other system employing a this embodiment, the brace layer 690 may extend to the edge 
processor and associated memory. The system 504 includes GO of the die active area for anchoring purposes. In FIG 4C 
a central processing unit (CPU) 505, e.g., a microprocessor, each brace layer 390 ultimately extends to the edges of the 
that communicates with the RAM 512 and an I/O device 50$ IC die active circuit area 395, where the brace 390 locks to 
over a bus 511. it must be noted that the bus 511 may be a s solid non^ctive portions 396 and 396' of a die 397 around 
Series of buses and bridges commonly used in a processor- or adjacent to the fabricated circuitry to further anchor the 
based system, but for convenience purposes only, the bus 65 braecd-ull capacitor micros tructures. FIG. 7C shows an 
511 has been illustrated as a single bus- A second I/O device analogous top view of an IC die active circuit area wUecc the 
510 is illustrated, but is not necessary to practice the brace 690 extends between studs 68. In this way the studs 
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68 arc afforded good mechanical support in at bast trans- substrate and the brace, where ihc brace is vertically spaced 

verse or lateral directions during removal of the second from the dielectric layer. 

dielectric 66 and further wafer handling and processing 9, The semiconductor storage capacitor according to 

operations. claim t, wherein the microstnicrurcs comprise conductive 

for the embodiments described herein, additional con- 5 material and the brace comprises a dielectric. 

ZnlTZl- UyCrS - 10. lac semiconductor storage capacitor according to 

SWwS?S^? 11X5 1" 10 . th ^ sc 4 claim 1, wherein the microstores arc defined within an 

the art While the figures only show a limited number of . _ . ; . . 

capacitors being foSed mr sake of ffi be m ^ T' «d further composing a die having 

understood that a multitude of cells w^U^r^lsly 1fl Q0n ^ V6 located adjacent the active circuit 

fabricated in a similar manner on the substrate. Also, the 10 ?* eMxn lhc ^* c f 1 furtll6r Connects at least two of 

capacitor can be used in other chips in addition to DRAMs the microstructuics with non-active areas of the die. 

That is, tbe invention is applicable to any semiconductor . fienilC0 ^ uct01 stooge capacitor according 10 

devices needing a capacitor, such as DRAM and embedded claim wtlcrcin ^ e microstructures are container Capaci- 

DRAM. Although illustrated in connection with cylindrical mr f. „ 

container, or stnd structures, the invention also could be used 15 . ^ semiconductor storage capacitor according to 

for a storage node formed as a pillar or villus structure Also claim lf wherem thes niicrostructures comprise double-sided 

non-cylindrical shaped containers or studs are also concern- C0D ^ ef capacitors, 

plated for practice within the scope of the invention such as A mtnsQT y circuit, comprising: 

bar or rectangular shapes, oval, and so forth. Additionally, a semiconductor substrate having a memory cell including 

the principles and teachings of this invention are generally 20 diffusion regions; 

applicable 10 other tall rnicrostructures, and are not ncces- a dielectric layer on the substrate; 

sartty limited to features of a capacitor. conductive plugs extending vertically from an upper 

While the present invention is described herein with surface of the dielectric layer to respective diffusion 

reference to illustrative embodiments for particular 5 regions; 

S^! 1 be understood that to invention is not 2 a pluraHty of u ^ t stand w capacitor storage node 

^ haV3Dg ^ %*» ^ * d ^ros^ctureT^ving verbal ?*£ tSftoS 

access to the teachings provided herem will recognize ovcr fo c di elficlric ^ ^ a r ^ ec ^ conductive ' 

addinoDal modifications, applications, and embodiments D w ^ y T w conaucuve 

within the scope of the present invention. «i . L . 1 , 

What is claimed and desired to be secured by United * transversely extending between and laterally 

States Letters PatenL is: supporting at least two of the vertical surfaces of said 

1. A semiconductor storage capacitor, comprisimr microstructures, said brace being suspended over at 
a semiconductor substraie- least one layer of malenal which emnd^ between said 

■ utTl j- . . dielectric layer and said brace. 

microstairtures formed over the substrate, sa,d micro- the circuit comprises a DRAM 

structures hawng verticri sur&c^ 1, The mcra ory circuit according to claim 13. herein 

a brace transversely extendrng between the vertical szr- tbc brace interconnects snbstanliaUy all of the microstruc- 
taces of at least two of the free-standing aires 

n^^S'/f b ^^8 1^^^/ubstantkUy «> 16 \ The memory circuit according to claim 13, where the 

^^JSl^ 5Uf£lCeS ° f ** d * l™<<d subst^tMy near upper ends of the micro- 

microsiructures; and structures. 

a vertical space between said brace and said substrate. 17. The memory circuit according to claim 13, wherein 

2. The semiconductor storage capacitor according to the brace has a width approximately equal to Of less than the 
claim 1, wherein the brace interconnects substantially all of as largest cross-sectional dimension of the microstructures 

^ ™? S ^^„ , , , **• *'mory circuit according to claim 13. wherein 

3. The semiconductor storage capacitor according to the brace comprises a roicrobridge structure extending above 
claim 1. wherein the brace has a width approximately equal the substrate and between two or more of the mir^m^. 
toor less than the largest crc*s-scctional dimcnsinnjtf the tares. ........ 

microstructures. 50 19. The memory circuit according to claim 13, where the 

4. The semiconductor storage capacitor according to microstructures each comprise a conductor material portioa 
claim 1, whercm the brace comprises a microbridge stnic- standing upright over the substrate, and wherein the brace 
tare extending above tbe substrate and between two or more interconnects the conductor material portions of two or more 
of the microstructures. of me microstructures. 

5. Tne semiconductor storage capacitor according to ss 20. Tbe memory circuit according to claim 13, wherein 
claim 1, where the microstructures each comprise a conduc- the microsiructures comprise generally cylindrical container 
tor matena! portjon standing upright over the substrate, and shapes and tbe brace comprises a microbridge structure 
wherein the brace interconnects the conductor material 21. The memory circuit according to claim 13, where lhc 
porhons of two or more of the microstructures. brace comprises a dielectric material. 

6. The semiconductor storage capacitor according to so 22. Tne memory circuit according to claim 13. where the 
clam, 1, wherein the microstructures comprise generally brace is vertically spaced from the dielectric layer, 
cylindrical container shapes and the brace comprises a 23. The memory circuit according to claim 13, wherein 
microbridge struaure. tbe ^structures comprise conductive material and the 

7. rue semiconductor storage capacitor according to brace comprises a dielectric. 

claim 1, where the brace comprises a dielectric material, ss 24. The memory circuit according to claim 13, wherein 

8. The semiconductor storage capacitor according io me microsiructures are defined within an active circuit area 
claim 1, further comprising a dielectric layer between the and mnher comprising a die having non-active circuit areas' 
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located adjacent the active circuit area, wherein the brace 
further interconnects at least two of the mfcrostructures with 
non-active areas of the die. 

25. The memory circuit according to claim 13, wherein 
the micrastnicrures are container capacitors. 5 

26. The memory circuit according to claim 13, wherein 
the nucro structures comprise double-sided container capaci- 
tors. 

27. A memory device, comprising: 

a memory chip comprising a memory circuit fabricated on 10 
the memory chip, said memory circuit comprising' 
a semiconductor substrate having a memory cell 

i Deluding diffusion regions; 
a dielectric layer on the subsume; 
conductive plugs extending vertically from an upper 

surface of the dielectric layer to respective diffnsion 

regions; 

a plurality of upright capacitor storage node 
microstractures, having lateral sides with a lower 
portion and an upper portion, each formed over the 
dielectric layer and the respective conductive plug; 
and 

a brace for laterally supporting respective lateral sides 
of at least two of the microstrucrurcs, said brace 
transversely extending between only said upper per- 25 
tious of said micros tnicturcs, wherein a space is 
disposed between said dielectric layer and said 
brace. 

2*. A memory module, comprising: 

a die substrate comprising a circuit board; 

a plurality or memory chips mounted on the die substrate, 
wherein one or more of the memory chips comprise a 
memory circuit fabricated on the semiconductor chip 
communicating with the processor, said memory circuit 
comprising: 

a semiconductor substrate having a memory cell 

including diffusion regions; 
a dielectric layer on the substrate; 
conductive plugs extending vertically from an upper 

surface of the dielectric layer to respective diffusion 

regions; 

a plurality of capacitor storage node microstrucrurcs 
each formed over the dielectric layer and a respective 
conductive plug; and 

a brace transversely extending between and laterally 
supporting respective lateral sides of at least two of 
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the microstructures, wherein at least one layer of 
material and a space is disposed between said dielec- 
tric layer and said brace. 

29- A processor system, comprising: 

a processor; and 

a memory circuit fabricated on a semiconductor cbxp 
communicaiing with the processor, said memory circuit 
comprising: 

a semiconductor substrate having a memory cell 

including diffusion regions; 
a dielectric layer on the substrate; 
conductive plugs extending vertically from an upper 

surface of the dielectric layer to respective diffusion 

regions; 

a plurality of upright capacitor storage node 
microstrucrurcs, having lateral sides, each formed 
over the dielectric layer and a respective conductive 
plug; and 

a brace transversely suspended between upper portions 
of said lateral sides of at least two of the micros t/uc- 
tures for supporting said lateral sides. 

30. The processor system according to claim 29, wherein 
the memory circuit comprises a DRAM, 

31. The processor system according to claim 29, wherein 
ibe capacitor microsiructures comprises capacitor contain- 
ers. 

32. A semiconductor capacitor comprising: 

at least two vertical support structures over a substrate 
each with a lower portion and an upper portion; 

a horizontal brace suspended between said upper portions 
of said at least two vertical support structures; 

a first conductive material deposited over said at least two 
vertical support structures and over and in contact with 
portions of said horizontal brace adjacent said struc- 
tures; 

a dielectric material deposited over said conductive mate- 
rial and over and in contact with said portions of said 
horizontal brace; and 

a second conductive material deposited over said dielec- 
tric material and over and in contact with said portions 
of said horizontal brace. 
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